The solid-state phase equilibrium in the Pr-B-C system was established using X-ray diffraction, scanning electron microscopy and electron probe microanalysis. The region up to 60 at. % of Pr was studied at 1270 K, whereas the Pr-rich corner, due to the generally lower melting points, was 
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Introduction
The solid-state chemistry of the ternary rare-earth metal (RE) boride carbides RE x B y C z encompasses a variety of different structural arrangements with boron-carbon substructures ranging from zero-dimensional (0-D) units isolated from each other in a matrix formed from the metal atoms to one-and two-dimensional (2-D) networks alternating with metal sub-lattices, which are closely related to the valence electron count (VEC) per light atoms [1] [2] [3] [4] . Indeed, nearly a dozen of different structural types have been reported so far solely for the most electronrich compounds, i.e., those containing finite quasi-molecular entities and having a large VEC [1] [2] [3] [4] . These finite chains embedded in voids of the metal atom matrix can have different lengths ranging from 2 to 13 non-metal atoms up to now, and chains of different sizes as well as isolated C atoms can coexist [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . These compounds were revealed from partial or complete investigations of ternary RE-B-C phase diagrams earlier established for most of the rare earth metal elements (RE = Sc, Y, La, Eu, Gd, Ho) [22] [23] [24] [25] [26] [27] . Novel representatives were recently discovered during our new investigations of the La-B-C [24] , Pr-B-C and Nd-B-C systems [20, 21] . Our latest studies of the isothermal sections of the ternary Pr-B-C phase diagram at 1270 K (concentration range 0-60 at.% Pr) and 1070 K (> 60 at.% Pr), crystallographic data of all the ternary compounds and the structure determinations of the new ternary compound Pr 2 BC and the composition of the solid solution of the phase Pr 5 B 2 C 6 are the subject of this work.
Experimental

Synthesis and analysis
Polycrystalline samples were prepared from commercially available pure elements: praseodymium with a claimed purity of 99.99 at%, Alfa -Aesar, Johnson Matthey Company, sublimed bulk pieces; crystalline boron powder, purity 99.99 at%, H. C. Starck, Germany; graphite powder, purity 99.98 at%, Aldrich. Before use, the graphite and boron powders were M A N U S C R I P T
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out-gased overnight at 1220 K, p < 10 −5 mbar. Praseodymium ingots were filed to coarse powders with beryllium bronze files (Dönges GmbH, Germany). Stoichiometric mixtures of the constituents were compacted in stainless steel dies. The pellets were arc-melted under purified argon atmosphere [28] on a water-cooled copper hearth. The alloy buttons of 1g were turned over and remelted three times to improve homogeneity. The samples were then wrapped in molybdenum foil and annealed in silica tubes under argon for one month at 1270 K (concentration range 0-60 at.% Pr) or 1070 K (> 60 at.% Pr). Subsequent heating for some samples just above the melting point was carried out in a high-frequency furnace (TIG-10/300, Hüttinger, FRG) under argon atmosphere for several hours at different temperatures. Finally, the samples were also annealed in evacuated silica tubes for one month by procedure described above and subsequently quenched in cold water. Sample handling was carried out under argon atmosphere in a glove box (P H2O < 0.1 ppm) or through the Schlenk technique.
X-ray diffraction and structure refinement
X-ray powder diffraction patterns were obtained on a powder diffractometer STOE STADI P with Mo K α1 radiation, using capillaries sealed under dried argon to avoid hydrolysis.
The unit cell parameters for the investigated compounds Pr x B y C z , as well as the Rietveld refinements for some samples containing the ∼Pr 5 B 2 C 6 phase were performed with the help of the CSD programs package [29] . The results are given in Table 1 .
Small irregularly shaped single crystals were selected from the crushed sample of Pr 2 BC and sealed under argon atmosphere in glass capillaries. These crystals were first examined by the Buerger precession technique in order to establish their suitability for the subsequent data collection. Single crystal diffraction data of Pr 2 BC were collected at room temperature on a M A N U S C R I P T
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STOE IPDS II image plate diffractometer with monochromatized Mo K α radiation. All relevant crystallographic data are listed in Table 2 . The starting atomic parameters were derived Table 1 Crystallographic data of ternary compounds in the Pr-B-C system. (1) 3.8148(6) ------via direct methods using the program SIR97 [30] . They were subsequently refined with the program SHELX-97 [31] within the WinGX program package [32] (full matrix least-squares on Table 3 .
Compound
Microprobe analysis
For metallographic investigation and electron probe microanalysis (EPMA) some alloys were embedded in Woods metal (Fluka Chemie, Switzerland) with a melting point of ca. 75 °C.
The samples were polished on a nylon cloth using chromium oxide (Bühler Isomet) suspended in [33] to be in phase equilibrium with Pr 10 B 9 C 12 [17] [18] . The results of the EPMA for Pr 5 (BC) x (7.5 ≤ x ≤ 9.3) are listed in Table 4 .
Table 4
Results of EPMA investigation for alloys* Pr 5 (BC) x (7.5 ≤ x ≤ 9.3). 14 (1) 17 (1) 18 (1) *Phase equilibrium in alloys is also confirmed by X-ray powder investigations: 
Results and discussion
Phase equilibria in the Pr-B-C ternary system
The isothermal section of the Pr-B-C phase diagram at 1270 K and 1070 K is shown in Fig. 1 . According to the phase diagram of the boundaries the Pr-B system contains three binary M A N U S C R I P T
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boride compounds, i.e., Pr 2 B 5 [35] and PrB 4 [34] which are formed by peritectic reactions at ~2250 and 2620 K, respectively, and PrB 6 [36] which melts congruently at 2880 K and exhibits a narrow range of homogeneity [37] . The data of binary phase diagram of the Pr-C system was recently assessed [38] . A small range of homogeneity of Pr 2 C 3 was confirmed [39] . No extension into the ternary domain has been detected for the binary compound ″B 4 C″ [40] [41] [42] . The phase boundary of the Pr-rich liquid was not defined within the ternary system and two annealing temperatures were chosen for achievement of the phase equilibria in the solid state. In addition, the micrograph analysis was unsuccessful because of high sensitivity of some samples against moisture. 
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Metallographic investigation, X-ray powder diffraction and EPMA analyses revealed the new compound ∼Pr 7 B 9 C 34 to be in equilibrium with PrB 6 and Pr 5 B 2 C 2 (see Fig. 2 a and b) . Fig. 2 c and d shows the three-phase region of the Pr-B-C ternary system between PrB 2 C 2 , Pr 5 B 2.6 C 6.7
and Pr 10 B 9 C 12 confirmed by refinement of the X-ray powder diffraction data and EPMA analyses.
The crystallographic characteristics of the ternaries in the Pr-B-C system are listed in 
Crystal structure of Pr 2 BC
Metallographic and EPMA analyses of the Pr-B-C ternary system reveal the new compound Pr 2 BC to be in equilibrium with elemental Pr and Pr 2 B 5 [35] (see Fig.1 ) or in another sample in equilibrium with Pr 5 B 2 C 5 [16] and Pr [44] as well at 1070 K and at 1270 K and they are in good agreement with results from X-ray powder diffraction. Our attempts to synthesize isostructural RE 2 BC compounds with other rare earth metals (except Nd) by the experimental conditions described above were not successful. Indeed, the ternary compound Pr 2 BC crystallizes in the Nd 2 BC structure type, with space group C2/m (Fig. 3a) , which is closely 
Solid solution Pr
The crystal structure, twinning and intergrowth of the samples with different compositions ~Pr 5 B 2 C 6 were investigated in [14, 46] . These samples exhibit a pronounced Samples with different compositions of ~Pr 5 B 2 C 6 exhibit different cell parameters (Table 4) .
Changes are pronounced depending upon Pr and non-metal atoms stoichiometry and the cell volumes increase from 845.9(7) to 891.6(8) Å 3 ( Table 4 ). The results of the Rietveld refinements of XRD powder data are similar to the single crystal structure investigation reported earlier [14, 46] . (Table 4) which leads to a decrease in charge as well as disorder of light elements. The overall charge of the anionic part seems to be compensated by the introduction of single carbon atoms (C3) in Pr octahedra. So, the homogeneity region of ~Pr 5 B 2 C 6 is defined as Pr 5 (BC) x (7.5 ≤ x ≤ 9.3) and shown in Fig. 1 . The lanthanum compound ∼La 5 B 2 C 6 exhibits a more pronounced homogeneity region than Pr 5 B 2 C 6 due to the fact that in the Pr-B-C the other ternary compound Pr 5 B 2 C 5 also exists.
Conclusion
The isothermal section of the Pr-B-C phase diagram at 1270 K and 1070 K was investigated by means of X-ray diffraction, microstructure and EPMA analyses. Eleven ternary compounds were found. observed that the ∼Pr 5 B 2 C 6 compound has a broad homogeneity range described by the formula Pr 5 (BC) x (7.5 ≤ x ≤ 9.3). For the boundary compounds of the Pr-B and Pr-C system no extension in the ternary domain was found. Three new ternary compounds were isolated, namely Pr 2 BC, ~Pr 4 B 3 C 13 and ~Pr 7 B 9 C 34 . The new compound Pr 2 BC crystallizes in Nd 2 BC structure type [20] .
In contrast to other rare earth metals with smaller atomic radius, praseodymium boride carbides do not form compounds with infinite one-dimensional planar or nearly planar (BC) ∞ ribbons.
Except PrB 2 C 2 , which adopt the CeB 2 C 2 structure type with 2-D B/C nets [33] , all the 
Highlights
Solid-state phase equilibrium in the Pr-B-C system was established at 1270 K. Eleven ternary compounds were isolated. The monoclinic structure of Pr 2 BC was solved from Xray single crystal data. The phase of Pr 5 B 2 C 6 shows a broad homogeneity range.
